Purpose Parents of children undergoing hematopoietic stem cell transplantation (HSCT) may face emotional distress while managing intense treatments with uncertain outcomes. We evaluated a brief parental emotional functioning (PREMO) screener from a health-related quality of life instrument to identify parental emotional distress, as measured by the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID). Methods As part of a longitudinal pediatric HSCT study, parents (N = 165) completed the Child Health Ratings Inventories, which contain the 7-item PREMO screener. Some parents (n = 117) also completed SCID modules for Anxiety, Mood, and Adjustment disorders at baseline and/ or 12 months. A composite outcome was created for threshold or subthreshold levels of any of these disorders. Receiver operating characteristic (ROC) analysis assessed how the PREMO screener predicted emotional distress as measured by the SCID. A prediction model was then built. Results Fifty-two percent of parents completing the SCID had an Axis I disorder at baseline, while 41 % had an Axis I disorder at 12 months. The area under the ROC curve was 0.75 for the PREMO screener and 0.81 for the prediction model. Conclusions The PREMO screener may identify parents with, or at risk for, emotional distress and facilitate further evaluation and intervention.
control, managing both their child's and their own emotions, and putting their child's needs first [1] [2] [3] . Consequently, parental depression has been linked with the child's emotional distress preceding HSCT [4, 5] .
Using a brief screener to identify parents at risk for emotional distress would help overcome impracticalities of having all parents complete a clinical evaluation or Structured Clinical Interview for DSM-IV Axis I Disorders (SCID). Generic health-related quality of life (HRQL) measures (e.g., 5-item Mental Health Index [6] ) have been used as mental health screeners [7, 8] . However, they have been validated only against other self-reported screening tests (e.g., Patient Health Questionnaire) not directly against clinical evaluations using structured diagnostic interviews performed by trained mental health professionals [7, 9] .
The purpose of this study was to examine how the 7-item parent emotional functioning (PREMO) screener from the parent version of the Child Health Ratings Inventories (CHRIs) [10, 11] performed at identifying emotional distress based on DSM-IV criteria for selected Axis I disorders. Using the SCID diagnoses as the ''gold standard,'' receiver operating characteristic (ROC) analysis was used to estimate the screener's predictive ability. A prediction model was then built.
Methods

Participants
This study drew on 165 parents from a HRQL study that followed pediatric HSCT recipients (age 5-18) and their parents longitudinally over the first year of transplant [5, 12] . Each child-parent dyad had only one parent participant who was selected based on their physical involvement in the child's care. The PREMO screener was required of all parent participants at study entry and was the target of data collection activities at each study assessment period, whereas the SCID was an optional secondary measure at baseline (pre-HSCT) and/or 12 months. Parents of children who died or withdrew before 12 months did not complete subsequent study measures. Analyses were restricted to 117 parents who completed the SCID at baseline and/or 12 months (baseline only: n = 41; 12 months only: n = 9; both: n = 67).
Measures
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID)
Parental emotional distress was a dichotomous variable based on the SCID Anxiety, Mood, and Adjustment modules. Parents were considered to have a current (last 30 days) Axis I disorder if they met subthreshold/threshold criteria for at least one of these disorders. Threshold, per the DSM-IV criteria, indicates a constellation of symptoms and impairment of a specified duration of time, while subthreshold indicates either symptoms or impairment. Subthreshold was included because of its association with significant distress [13, 14] . The SCID overview included a yes/no question about parents' history of psychiatric medication use. Trained study mental health providers administered, audiotaped, and scored the SCID. The audiotape and score were reviewed by the study psychiatrist (GC) who performed a best estimate determination.
Child Health Ratings Inventories (CHRIs) [10, 11] The parental version of the CHRIs includes two principal sections: (1) parent's ratings of his/her child's functioning and (2) parent's rating of his/her own functioning. Three domains of generic HRQL are formed for each section: physical, role, and emotional functioning [10] . This study used the 7-item parental emotional functioning domain as the PREMO screener (Table 1) , which takes less than 2 min to complete. Using the half-scale rule, the 7 items were averaged to create a summary score and transformed to a 100-point scale (100 = higher functioning).
Demographic and medical information
Parents reported demographic characteristics about themselves and their child. Research staff collected clinical data from medical records, including duration of illness, transplant type (autologous, related allogeneic, unrelated allogeneic), and causal diagnosis (malignancy vs. nonmalignancy).
Statistical analysis
Demographic and clinical characteristics and PREMO screener scores were described. To determine whether there were differences in demographic and clinical characteristics by completion of the SCID, the two-sample t test or Chi-square test was used. For skewed data or small expected cell counts, the Wilcoxon rank sum or Fisher's exact test was used.
Validation of the PREMO screener
The performance of the PREMO screener for identifying parents with emotional distressed based on DSM-IV criteria for Axis I disorders was measured by calculating the area under the ROC curve and plotting the ROC curve and calibration plot. The area under the ROC curve measures discrimination while the ROC plot shows sensitivity vs. 1-specificity for all predicted probabilities. [15] The calibration plot shows how well the predictions agree with the observed rate for different quintiles of predicted probability. We accounted for correlations over time among parents completing both the baseline and 12-month measures by using a generalized estimation equation model (GEE in R) with a binomial distribution, logit link function, and unstructured covariance. Results were used to plot and calculate the area under the ROC curve [16] . Standard error (SE) of the area under the ROC curve was calculated by bootstrapping 200 samples.
Prediction model
Among parents completing the SCID, we compared demographic and clinical characteristics, PREMO screener scores, and history of psychiatric medication use by the presence of an Axis I disorder. GEE was used to account for correlations over time. Odds ratios (OR) and 95 % confidence intervals (CI) are reported. Any variable with p \ 0.10 was considered for inclusion in the prediction model. Using the area under the ROC curve, the magnitude of the estimate, and the p value from the multivariate model, we selected the final prediction model. Its performance was assessed by calculating the area under the ROC curve and plotting the ROC curve and calibration plot. Analyses were done using R (version 2.14.1) and SAS 9.2 (SAS Institute, Cary, NC); the alpha level was set at 0.05.
Results
After excluding two parents with missing data, the sample size was 115. There were statistically significant differences in parent education (p = 0.03), race/ethnicity (p = 0.03), and transplant center (p \ 0.0001) by SCID completion (Table 2 ). More than half of parents (52.0 %, n = 53) met subthreshold/threshold criteria for an Axis I disorders at baseline (12.7 % Anxiety only, 11.8 % Mood only, 15.7 % Adjustment only, 11.8 % multiple), while 41.1 % (n = 30) met criteria at 12 months (6.8 % Anxiety only, 11.0 % Mood only, 17.8 % Adjustment only, 5.5 % multiple). Regarding the severity of those with Axis I disorders, approximately two-thirds of parent met threshold criteria, while one-third met subthreshold criteria. Among parents completing the SCID at baseline and 12 months (n = 64), 29.5 % met subthreshold/threshold criteria for Axis I disorders at both times, 18.8 % met criteria at baseline only, and 6.3 % met criteria at 12 months only.
Validation of PREMO screener
A half standard deviation increase in the PREMO screener (SD = 18 points) was associated with nearly a 40 % decrease in odds of an Axis I disorder (OR = 0.62, 95 % CI: 0.53, 0.73, p \ 0.0001). The area under the ROC curve (Fig. 1a) was 0.75 (SE = 0.04), demonstrating acceptable discrimination. [17] The screener was also well calibrated (Fig. 1b) .
Prediction model
In addition to the PREMO screener, child age (p = 0.07), child gender (p = 0.10), transplant type (p = 0.45 for related, p = 0.07 for unrelated, comparator = autologous), and history of psychiatric medication use (p = 0.0002) were significant at the 0.10-level (Table 3 ).
The prediction model included all univariate significant variables. Based on model p values, transplant type was collapsed into autologous and allogeneic (related or unrelated). (Table 4 ). The area under the ROC curve (Fig. 1c) was 0.81 (SE = 0.03), demonstrating excellent discrimination [17] . The prediction model was also well calibrated (Fig. 1d) .
Discussion
Results indicate that 50 % of parents of children undergoing HSCT experience emotional distress at baseline and 40 % at 12 months. Using ROC analysis, we found that the 7-item PREMO screener successfully identified parents with emotional distress based on DSM-IV criteria for Axis I disorders. Unlike previous validation studies using selfreported generic HRQL measures as screeners for emotional distress, we used the SCID as the gold standard [7, 9] .
A prediction model that also included child age, child gender, transplant type, and history of psychiatric medication use improved model discrimination. These variables were all available at the time of transplant, making them potentially useful in a clinical setting. Additionally, the item asking about history of psychiatric medication use identifies parents with previous mental health issues who may be at higher risk of reoccurrence [18, 19] .
Our results reveal that many parents of children undergoing HSCT meet subthreshold/threshold criteria for an Axis I disorders, mirroring the results of other studies about heightened parental emotional distress [20, 21] . Thus, there is a clinical need to identify these parents and provide appropriate care and support, especially given their pivotal caregiving role. A brief and effective way to identify parental emotional distress and make recommendations for treatment has the potential to improve emotional outcomes for these parents, which could then improve clinical outcomes for the recovering child. Future research is needed to determine a PREMO screener cutoff based on sensitivity and specificity values that would ''rule in'' parents at risk for emotional distress (sensitivity) while not ''ruling out'' (specificity) too many at-risk parents. As an illustrative example, we selected sensitivity of 90 % and specificity of 43 %, which corresponds to a score of 62.5 on the PREMO screener.
We acknowledge the study's limitations. First, the sample size was too small to split the dataset into a training dataset and a validation dataset. Second, not all parents elected to complete the SCID and there were differences in completion by education, race/ethnicity, and baseline PREMO screener score. Despite these limitations, we have evaluated the performance of the PREMO screener and prediction model for identifying parents with, or at risk for, clinically significant emotional distress and facilitating further evaluation and intervention. Given that half of these parents met subthreshold/threshold criteria for an Axis I disorder, this population is in need of an effective, but efficient screening method.
